We isolated 41 and characterized 17 microsatellite loci for evaluating the genetic structure of the Amazonian fish Hypophthalmus marginatus, from the Tocantins and Araguaia River in the Eastern Amazonia. Of the 17 selected microsatellite sequences, 15 were dinucleotide repeats, 9 of which were perfect (5-31 repetitions) and 6 were composite motifs. Among these 17 microsatellites, only two were polymorphic. The average number of alleles (Na) observed in the five examined populations ranged from 3.5 to 4.5, while the average observed heterozygosity (Ho) ranged from 0.3 to 0.6. The allelic frequency was less homogeneous at the locus Hm 5 than that for the Hm 13. Genetic diversity was measured in three upstream and two downstream populations under the influence of the Tucuruí Hydroelectric Dam. Our findings provide evidence for low levels of genetic diversity in H. marginatus of the Tocantis basin possibility related to the Dam construction. The F st and R st analysis fits well with migratory characteristics of H. marginatus, suggesting the existence of a gene flow mainly in the upstream or downstream directions. To test the hypothesis that the Dam was responsible for the detected reduction on this species genetic diversity, a large number of genetic markers are recommended, covering geographic distribution range of the fish species.
Introduction
Migratory freshwater fishes are vulnerable to a variety of anthropogenic impacts, including harvesting, pollution, and other types of habitat disturbance. The impact of dams is not only limited to the transformation of habitats from lentic to lotic but they also isolate the population from their places of spawning to feeding grounds [1] [2] [3] . Therefore, a survival and reproduction of migratory fish can be directly affected by changing thermal and hydrodynamic conditions in their habitat [4] . In the Brazilian Amazonia, over 10 million hectares (ha) of forests are expected to become permanently flooded after the construction of new-planned dams [5] . Long-term monitoring of fish populations is available only for Tucuruí Dam in the Tocantins River [6] [7] [8] [9] [10] , where alterations following impoundment reduced the fish diversity on the reservoir resulting in the increase of predators such as Cichla spp. Schneider 1801, and Serrasalmus spp. Lacepède 1803 [11] . Furthermore, a drastic reduction in fish production has been observed downstream of the dam, probably due to the low oxygen content of water that runs through the turbines and the blocking of fish migration [6, 12] . Harvesting of freshwater shrimp downstream the dam has dropped from 179 tons in 1981, before the dam construction, to only 62 tons in 1988 three years after dam construction, while fish landings declined from 4726 to 831 tons (the dam was built between 1984 and 1985) [13] . Catches in the reservoir increased to pre-flooding levels by the early 1990s [8] , although nowadays migratory species such as Hypophthalmus marginatus are still not such abundant as before. Therefore, due to the great economic importance to local fisheries, the current genetic structure and species/biodiversity conservation of H. marginatus stocks in the low to medium Tocantins River is a matter of concern and was investigated here. Besides, helping to understand the impact of the construction of the Tucuruí Dam on the genetic variability, our results should contribute to the eventual development of population management strategies for the studied species and will hopefully arise concerns about the building of future dams in the Amazon.
Materials and methods
The Tocantins is largely a plateau river, flowing for most of its length within an enclosed valley, draining an area of 343,000 km 2 . Over the past three decades, its basin has suffered from huge anthropogenic pressures, including widespread deforestation, mining, and the construction of the Tucuruí between 1984 and 1985. This dam is one of the world's largest hydroelectric dams, which has a reservoir of 2840 km 2 , most of which was originally covered with primary terra firme forest [9, 10] .
Samples
Eighty-two samples (14-19 per site) obtained from muscle or liver tissue of H. marginatus were stored in absolute ethanol and frozen at -20°C for future genomic DNA extraction, which was performed using Sambrook standard protocol [14] . (Figure 1 ).
Microsatellite development
Molecular tools such as microsatellites markers can give us a picture of the distribution of the genetic variability of the natural populations of Amazonian fish [15, 16] . To assess the genetic parameters of the Hypophthalmus in the Amazon basin, we developed a partial genomic library of these fishes enriched for microsatellites following the method of selective hybridization with biotinylated probe types (CT) 8 , conjugated to streptavidin-coated magnetic beads [17] . After hybridization, the microsatellite-enriched sequences were amplified by polymerase chain reaction (PCR), ligated into the pGEM-T Easy Vector (Promega Corp., Madison, USA) and transformed into Escherichia coli TOP 10 electroporated-competent bacteria. The transformed bacteria were plated on solid medium containing LB-ampicillin (100 mg/ml) + X-gal (2%), and after growth, the white colonies containing inserts were transferred and grown in 96-well plates in a liquid Tartoff-Hobbs Broth/ampicillin medium. A total of 96 positive clones were sequenced in both directions using the BigDye ® Terminator v3.1 Cycle Sequencing Kit, according to the manufacturer's instructions (Applied Biosystems, Carlsbad, USA). The sequences were edited and aligned in the software BioEdit [18] .
A total of 96 clones were sequenced, and 17 of these were selected for primer design using the software Primer3 [19] . In all primer pairs, the forward primers had an M13(-21) tail added to its 5ʹ end [20] . An optimal annealing temperature was inferred using a gradient PCR with temperatures set between 52.3 and 70.5°C ( Table 1) . 
Data analysis
To measure the genetic variability within each population, the number of alleles per locus (A), effective number of alleles per locus (Ae), the observed heterozygosity (Ho), and expected (He) under Hardy-Weinberg equilibrium (HWE) for each locus and their averages were calculated using Popgene 32 software [23] .
The Genepop 3.1b program [24] was used to test whether the data obtained are significant deviations from Hardy-Weinberg equilibrium and the occurrence of connection imbalance between the loci analyzed. This program uses a method of Markov chain to get an unbiased estimate of Fisher's exact test to detect a significant deficiency or excess of heterozygotes [25] .
The differentiation between the populations was evaluated by comparing peer-to-peer two ways: 1. Estimates F ST [26] , using the Arlequin 3.5 program [22] and 2. Estimates R ST [27] , by program RSTCalc [28] .
R ST is an analog of Wright F ST , which is based on the stepwise mutation model (SMM) for microsatellite loci and has the particularity of not displaying associated bias to differences in the size of the alleles in the samples of populations and / or differences the variance between loci. Some authors argue that the estimates of FST show lower when compared to RST estimates in same analysis [29] .
The existence of linkage disequilibrium between the loci was evaluated by Genepop 3.4 program [24] .
Results
Among a total of 98 sequenced recombinant clones, 61 clones presented microsatellites. After sequence analysis, it was found that 41 clones showed more than four repeats of microsatellites and we have designed and purchased primers for 17 of SSRs.
Among the 17 selected microsatellite sequences were a hexanucleotide, a tetranucleotide, and 15 dinucleotide repeats. Of 15 dinucleotide repeats, nine were perfect (5-31 repetitions) and six were composite dinucleotide repeat type ( Table 1) . Of the 17 loci, only two (Hm 5 and Hm 13) were polymorphic among studied samples.
The average number of alleles (A) observed in five populations examined ranged from 3.5 to 4.5, while the average observed heterozygosity (Ho) ranged from 0.3 to 0.6 ( Table 2 ). The allelic frequency was less homogeneous to the Hm 5 locus than for the Hm 13; its most frequent allele was the same for all populations ( Table 3) .
Significant values of F st were observed in all comparisons including Abaetetuba and the comparison of Tucuruí × Conceição ( 
Discussions
Although tested just by two polymorphic SSRs, genetic variability of H. marginatus population is under the influence of the Tucuruí Dam on the Tocantis River and as measured by heterozygosity test it is relatively low, regarding the number of alleles (absolute and effective). Few studies use less than six microsatellite markers in population studies [30] . Although we would like to stress that the results presented here are preliminary, they are consistent with results obtained with other molecular markers. The importance of our work is that it described a library that can be used to test for the polymorphism kind of economic importance to the Amazon.
Some populations of H. marginatus, such as those of Abaetetuba and Conceição, had remarkable low values. We could indicate that the heterozygosity was similar to that shown by other Siluriformes [31] .
A comparison made elsewhere of H. marginatus cytochrome b gene with the same genes in other freshwater fishes [32, 33] indicates very low genetic diversity levels in H. marginatus, possibly reflecting a low mutation rate in this species [34] or a characteristic of Pimelodidae, as found in other studies [35] .
The heterozygosity values provided by two microsatellite loci in H. marginatus in five populations analyzed did not differ between populations upstream and downstream of Tucuruí Dam. In these populations, the observed heterozygosity was lower than expected heterozygosity for all populations, thus indicating that there is no evidence of population bottleneck. On the other hand, the distribution of heterozygosity did not vary much in comparison with other species of commercial fish such as arowana (Osteoglossum bicirrhosum (Vandelli 1829)) [15] or pirarucu (Arapaima gigas) [16] .
There is no much information on populations of H. Laroche and Durand [36] studied the genetic structure of the Percidae Zinger asper populations, an endangered endemic species, affected by the construction of a dam built on the River Rhone in France, and found significant genetic differences between upstream and downstream populations.
Preliminary conclusions
If low differentiation is prevalent, the geographic distribution range of large samples would be recommended for genetic analyses. It would also be useful to assess the levels of genetic variability within and among populations from different basins for a better understanding of population dynamics of these species. Although our conclusions were made by using only two microsatellite loci analyses, results are consistent with data from mitochondrial markers.
